Abstract. The implementation of laser surface scanning to assess facial symmetry after unilateral face-lift procedures used to reconstruct defects after skin tumor resection is presented. Six patients who had undergone defect reconstruction with a flap raised from the subcutaneous plane were included in the study. Immediate postoperative photographic evaluation confirmed facial asymmetry because of unilateral skin tension. After a minimum follow-up period of 1 year, photographic and laser surface scanning analysis showed restored facial symmetry. In conclusion, laser surface scanning is a promising technology for objectifying results obtained and could be implemented for evaluation of the immediate and long-term effects from rhytidectomy procedures. Subcutaneous flaps without duplication or resection of the superficial musculoaponeurotic system are ideal for unilateral procedures because facial symmetry is restored after 1 year.
Among the cardinal aims of a face-lift is the desire to reduce the number of wrinkles. Many innovative techniques and procedures have been described and continue to refine the possibilities for accomplishing this aim [1, 4, 10, 12] . However, analysis of outcome after facial rejuvenation procedures remains difficult to objectify and commonly is limited to questionnaires assessing patient satisfaction and subjective evaluation of pre-and postoperative photographic material [2, 4] .
This study aimed to apply three-dimensional (3D) laser surface scanning for objective assessment of skin surface area after rhytidectomy procedures. Laser surface scanning is a modern technology used in mechanical and biomedical engineering that allows for precise measurement of 3D structures and surface areas [3, 5, 9] . The laser surface scanner is easy to handle, and the software necessary to process the data is commercially available.
In addition, unilateral reconstructive procedures after skin tumor eradication were chosen for the obvious advantage that every patient has an intact side of the face not subjected to surgery that serves as a control. These procedures, however, result in immediate postoperative facial asymmetry. Therefore, facial symmetry after a minimum follow-up period of 1 year was evaluated.
Materials and Methods
Patients who underwent unilateral reconstruction of the face similar to a face-lift after skin tumor resection in the temporozygomatic area were included in the current study for laser surface scanning after a minimum follow-up period of 1 year. Informed consent was obtained from all the patients.
Surgical Procedure
After tumor resection and histologic confirmation of complete tumor removal, facial integrity was reconstructed in the following manner. Flap incisions were made from the defect to the hairline, caudally extended along or dorsal to the hairline and into the preauricular zone, and, if necessary, continued to the retroauricular area. The flap was raised in the subcutaneous plane to the nasolabial fold anteriorly and to the mandible caudally to allow defect closure. No resectionÀsuspension or duplication of the superficial musculo aponeurotic system (SMAS) was performed.
Laser Surface Scanning
The principle of laser surface scanning as used in the current study is that the more wrinkles present in the region of interest, the higher the surface area. After the data had been scanned and imported, regions of interest were located in each patientÕs cheek area where the most ''lift'' effect was expected (Fig. 1 ). This region of interest was mirrored onto the opposite side, resulting in two areas of identical size and position on the face (Fig. 2) . The resulting surface areas of each region of interest were calculated and displayed in an info-dialog in square millimeters.
Technically, noncontact 3D laser surface scanning was performed with a portable device (Minolta Vivid 900 3D Digitizer; Konica Minolta Inc., Uniyoda-ku, Tokyo). A 3D digitizer is an instrument that scans an object with a laser light and sends the 3D data obtained to a computer for processing to create a model of the face. The scanning process lasts less than 1 s. The Geomagic Studio 8.0 program (Geomagic Inc., Research Triangle Park, Raleigh, North Carolina, USA) was used to import the scans. With rapid prototyping techniques (Magics RP 9.9; Materialise, Leuven, Belgium), polygonal punch cuboids were created and aligned on the digitalized image of the face. Using a Boolean operation, the surface areas of the cuboids were calculated and displayed in an info box (Fig. 3) .
Statistical Analysis
Statistical analysis was performed with the Instat 3 program (GraphPad Software Inc., San Diego, CA). The MannÀWhitney test was used to compare surface areas in square millimeters on both the side subjected to surgery and the side that had no surgery. A p value less than 0.05 was considered significant.
Results

Demographic Data
Six patients who underwent the aforementioned procedure during the period from July 2003 to December 2004 were included in the study. Their mean age was 75 years (range, 48À96 years). Four patients presented with basal cell carcinoma and two patients with spinal cell carcinoma. The average follow-up period and laser surface scanning was 17 months (range 13À21 months) after surgery.
Tumor Resection and Complications
All the patients had complete tumor removal before reconstruction and no signs of recurrence at follow-up evaluation. No revisional surgeries were performed, and all flaps healed uneventfully by primary intention.
Photographic Evaluation
Immediate postoperative evaluation showed a rejuvenation effect on the side subjected to surgery, resulting in overall facial asymmetry (Fig. 4 ). This effect faded over time and was not noticeable after 1 year.
Laser Surface Scanning
After a minimum follow-up period of 13 months, the average surface area was 1,690 ± 342 mm 2 in the region of interest on the side of the face subjected to surgery and 1,716 ± 348 mm 2 on the side that had no surgery (Fig. 5) (nonsignificant difference) . This resulted in a facial symmetry of 98% ± 1%.
Discussion
Laser surface scanning was used to assess skin surface area in rhytidectomy procedures. Objective measurements of the number of wrinkles in the area of interest (i.e., the cheek and malar region) was obtained for our patients. The results were consistent because all the patients had slightly fewer wrinkles on the side subjected to surgery. However, no significant differences after a mean follow-up period of 17 months were observed. This is rather surprising because intraoperative tension after flap mobilization and defect closure demonstrates a rejuvenation effect on the side subjected to surgery.
The results obtained in this series of patients suggest that face-lift procedures in the subcutaneous plane without any intervention on the SMAS or deeper layer are ideal for unilateral reconstructive procedures because facial balance is restored to almost 100% after 1 year, which also confirms the capacity of the skin to expand.
Because all the vectors used in the current study were in the face-lift plane, future evaluation with laser scanning could help to assess the outcome objectively after different rhytidectomy procedures. Pre-and postoperative evaluation could be used to define the immediate effect and the sustainability of the different procedures in the location of the anticipated benefit. In addition, the technology used in the current study also could be used for volumetric analysis of facial contour corrections, in both aesthetic and reconstructive contexts [13] .
The scanner is mobile and easy to handle. The laser surface scanning procedure is comparable with taking a Polaroid photograph. Because it lasts less than 1 s, no distortions of the images are observed. The accuracy of the method has been validated previously in various reconstructive settings [6À8,11] .
In summary, laser surface scanning is reproducible and leads to a consistent assessment of skin surface area. The scanner is portable and easy to use. The subcutaneous face-lift procedures performed in the current study to reconstruct defects after tumor excision do not have a lasting rejuvenation effect, and are therefore ideal for unilateral defect reconstruction that should not affect facial symmetry. Laser surface scanning is a promising technology for objectifying results obtained, and could be implemented for evaluation of immediate and long-term effects from rhytidectomy procedures.
